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(54) LIGHT-EMITTING ELEMENT AND MANUFACTURING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting 
element and a manufacturing method therefor capable of 
providing a high-quality light-emitting layer part 
comprising MgaZn1-aO type oxide. 
SOLUTION: A manufacturing method is provided for a 
light-emitting element 1 in which a light-emitting layer 
part comprises an MgaZn1-aO (where 0<a<1) type oxide. 
A buffer layer 1 1 , where the contacting side to the light- 
emitting layer part is, at least, an MgaZn1-aO type oxide 
layer, is grown on a substrate 10 on which the light- 
emitting layer part is grown. The MgaZn1-aO type oxide 
has a wurtzite type crystal structure comprising a metal 
atom layer and an oxygen atom layer laminated 
alternately in the c-axis direction. The buffer layer 1 1 is 
grown as the one in which the c-axis of wurtzite type 
crystal structure is oriented in the layer thickness 
direction. When the buffer layer 1 1 is grown, the metal 
atom layer is formed on the substrate as a metal single 
atom layer using an atom layer epitaxial method, and 
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then a remaining oxygen atom layer and the metal atom layer are grown. 
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IffiXm 1 ] S63teJBSB#M g a Z n i - . O (tztz 

MfBM g a Z n i - a OSJRftrtStt:. c tt^fpHC^SK 
E^yttSBSiflKftOc tt£Jf J¥;*ftKEft£i£;fcfc 
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111*9 6] iffiJilC, Mg. Zni-aO (tztc 
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fcM^tfeot, fflE»K^:MrE%%JISB^o|R] 
ttE»^»*©*««a«^jfe< HMgaZn 

IftEMg a Z n i - a OWmitm-Z. c W*lpJ^3£StC 

JtE^y7 7*(J> WE^yi£S!ilS*»jS<7)ctt^Jl 
»*WK:EraStLr*9, ME£«t«-r-5 lS^Sgp 

[0 0 0 1] 50 
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Ga I nN*tf»S:«v%5-4:fcJ:0 % iOj:5 43B3t 

5o Ld*Lft*«6, A 1 Ga I nNK«-»«Jt«W*^ 
ft^JR-CfeSG a £ I n £4*±jft£> * h 
7s/^»««fc^„ £fc, «*fl*^7 0 0-1 0 0 

teaser tas u< tr-c, #112001-44 

n O *f fc£*¥*»fl:Jf £r-^ u X f * > + /UJ5fe^ $ 
[0 0 0 3] t:5-C, ZnO»»fb*«:KS*iBft c f> 

aa:e^^^ir/^S«:Sffi-r-5 r £lcftS 0 

Z> 0 Wi^ftffl 2001—4450 0-^-^^T 1 ^. Z<Ds< 

yyjm hm) «K©**ittticM 

BE (Molecular Beam Epitaxy) L < V P E 

(Metal organic Vapour Phase Epitaxy) m\c £K>MJ$ 

[0 0 0 4] 

[3SW^»ftL«t b t-TZ&m] L^bft^P>, MB E 
>:*ZnOSI»Yt*JB<7>?Bj5fc^*«(c:HJ*'t?*>« D fit 

loMovPEsm DR^^a^ttft^^aix^ 

fee 

[000 5] ^IS^Oslllite, M g a Z n i - a OMSfe 
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1 0 0 0 6 1 mm*B<W&t&$:ift+mft-?1&%i£itZZk&-QZ 

mKMMtfMe. . Z n i - . o (fcff U O^aSl) v*A*JW**«r. l W^Ji»3SfiBS-frfc*, «8Ero^« 

a»{k**»6<CS*3t*^©«Jft*teK*jv^-C, W*Jifc»*]|Wi ******* £,Stttf>& 

«i0>*««a*'>fc< HMg. Zm -. OSWCK »tAj?4/<77ri#*bH, -tcoilcfigg^ 

±lJ:*3t»«B*^ftS*Si5lcU fWfEMg.Zn ©JMHK^SrJm-t-S-hT?*?*** 45. *3S9! 
i - . ommt^Hi, c®iJj\ZUc?£S.{zmm£inZ>&m JO roSBft&^K&i^Tti:, ±IEKj£ro^(cj:*3^s/7 r 

■*-<5t©tNfc9, SWe^s^rJl*, Me^A^^ltaW Tfc!>, ^Kigs-rs I BH*IBWfttf&mmm*m k b 

5 it tic, K^y^rWSr^S-t- JS^-S^f igJ®^Ji ir^JS^gt ^Stc^ssnfctoi:* 

itSr«ftS*5itS:#»i:t5. R&-?SLn#'>ft < , T>i^TI4$g##i^cr>&$fft 1 ©a** 

[0 0 0 7] *&W<D&ytm*^ Xt£±lc, m S$n-5„ 

g.Zni-.O (fcfc'U OSaSl) 9URfc*a>e> [0 0 1 0] ±EALE»tt:, »gMB«L.fcE*£*» 

klfim&ftm&k (Dmtc. m&&Km&kV>mmmtf'P &JSSrti/£fii£ (MOVPE (Metal Organic Vapour P 

4<ttMg.Zni-. OSifft«ig i: JJifc/-! y 7 haseEpitaxy) 2fc) COflg-egllfe-f 3 r k 5. Afls 

rlMltSittt, ilBMg.Zm-.olK »CI4, ifeJRJl^Sro^t ft5*P»&JR;tf;*ro**R 

yrmtt. imvwumm&w&iocmifimwjsfaK. ?mk-rz>. ma u) 3 ic, ^-ffii^js cm 
fctoi?*.s:tt»itt5. io ©— tt*««*-e:fcjK-eKJ»L, as (b) i^-r <fc 5 

[0 0 0 8] _kB**9H::J:5£. «R±»c»rili-*x< |c, ae^«S£^a&MMKEftLfc^T-&JRIS^B*Jg 
y7ri©, ^tL<ll*4<it,»3lti»t©«m i®ErtlLfca«*«3iSiJS*rfc<eA«JW*©» 

flit. 3B3t«SB4:WHII©a»»Sr*i-*Mg. Zn »*S*i-3fci{>, lJK**J»ntej^*t«r, iroEtoL 

ittKkftl^ : £IT, «*Jta«r*»LT*lCMgZn g e#lfc*f*llg©3SSa#PiS i ft 0 , JlrtKEyUL-fclK^ 

OSMfefcS^liMg Z nOtlEf tSi^-iifcS) »£*«-*>£tfcft iftDfL^H ftTS CHIC < < ft-*,, 

lc-C«(£-?-5„ ^s'7r«<o«^iBfll©»»fc*jfcJi [0 0 11] Sfc, MOVPEftfll J&6*«5&*# 

< < ft 9, tH*TI«hftte©Afffc»#»»4:*9W-S ^OpSMg. Zn.-.Ol. 

7X.T**TflJi:ft5o ft*J, ^y77ltt, ^lOi/cm'WTtLfcpiMg.Zn.-.Og 

#£Mg ZnOaaWkKiKTKWtsrtiJTSS. £ SrltEST?* 5 <t 5 left 3„ KKS^fiai«li(Slt4xli(&^ 

<o*5lzi-Zk* ;<y7Tmk&ftmmk<o&tetft8;$: liif«t^ Of/cm 3 i45ci^lf4 

[0 0 0 9] tLT, **W«J«ift*tet*JV^Ttt, [0 0 12] »OVPEMfflV>5^ «WLfc/< 
f7T«4rrt*fS»»ctt, KMC W^-JIatr^*v . y7 7 fo^MMg ZnOlKttt«LT*3lt 

(ALE : Atomic Layer Epitaxy) mc X <0 Sl£±lc:& tf, y 7 r« ISI CKJ£^»|*| 

«®^SSr^K¥ll^St LT^Lfc«, S^OBHR lit, t KSffig^aS^/^ t ©tfc*PSSr?f 

ii^lt^lfi k SrfiES^-frS J; 5 (C-t"5„ ALE 50 ft?©^"C\ — RLTfTft 5 r t 5„ 
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[0 0 13] ft:fc\ KJ»*^*3t*^*#S^tt, 
JIM*:, ^T<^J:5 4^^^-7 t c2fll5t**r-t"5t^i: 

-bU:«ftJBtt£ LT, ^MtlMga Z n i - . om& 
«S«r*-rsfB-W«S!^7y KJB (nlxilpSt?* 
[0014] MovPE^iaspiMg z 

nOffcS^ttMgZ nOSttS^Sfi, 10 tor 
r (9. 8 X l 0 4 P a) ^JiOffi^^r^Lfc^ia^^ 

^lOtorr (9. 8X10 4 Pa) Wifa^ 
cfcV\ /^77*©±(^ n^Mg ZnOjl£r?£ 

fifeU ^(OIIIM g Z n OMI^t/ p 1M g Z n Of 
SrJ««i-5#^tt, niMgZnOICB**a^f 
i^Rl^tSMg Z n OiStti&t/plMg Z 
nO/!Kk^;M£^J^£^;t50T% nlMgZnO 

M£Ll\, ~(DmS, nSMgZnOilinlK^V 

©±|: P iMgZnOg^MU ^^llCMgZnO 
^IWniMgZnOl^Mt^i^t JSftfc 
**t5liSnlMg Z nOJli^JBS^ixftt^ t** 
6>, RnlMgZnOitt, J: t) 

[0015]MgaZni- a OtfpmtteZ>tzlt>\C 
te, ftJ^Oilt), 3Sftp§!K— ✓^NfcWtai-SiMS 
jftsfc^o -«J:54piK-/OhtUli, N, G 

a, Al, In, Li.Si s C, Se(^-lXfj:2i 

^Stu^ K— h £ LTfiG a , A 1, I n& 
tfLi©ltXH:2tai, #CGaOTt5:^J 

flPft P S4*tt«: J: 9 fitHWHS £ t 5 0 

[0 0 16] ft:fc\ +»ft»3t«rtt*rflfc«i-5^Wt, p 
SMg a Z n i - a Ol^Opi^t y T«S/5 S 1X1 
0 1 6 i/cm 3 Wi8 x l 0 1 8 lB/cm 3 J£*T£ft 
oTW5© 3 &s < tv\ pi^rtyrs^ixio^i 

/cm 3 7fcffi{c& 5 £ z^ktmm 
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i:45»^$)$o I*, pi^ty78» 8 xio 

*yT<a*aM8»£ft?>s piMg a Z n 1 - a O®- 

if^Ls *3feS6*^iST^oft^5»^^fc5 0 Sfc, n 

SMga z n i - a om\c^^xh, mm(om&\c£ 

9, ni^t!i78^1X10 I6 i/cmH;i8 
X 1 0 1 8 i/cm 3 ^T^d:oT^5^J:l\ 
70 [0 0 17] g«<D#JC£ LTIt mt 

l*tf7X*£i:&m-C£Z. ^7t, **Wt-#K*K*ftS 
Mga Z n i - a OgJBtfbftte, El 2 fC^i-^ 9 

^^S^JK^gBjiJS:ft-t- 0 eSoX, *Rtt % K*Dsi^ 
?'Joc® ( (0 0 0 1) fl&) Sri*ffi£i-5ifcft»^ift 
*fc<&£U tM^TttJeAttOA^ft^SffiSrWSi 
n i - a OSBMMfcJi £ LT, ^O^/i^&Ml&Sfllit 

coc tto&mm*fat£mfa£i£z>tex\ mtvomi£&&&i 

[0018] H7 Ic^-TJ: 3 tC, 3 7 ^AgMflifiS:*- 
-TSIMbtttt, mm (o) J&*<nifc*ifitt&Jk<o\gL* 

flC^ : B-CttA 1 ) S£^51tca(ig$H3t* 

l-a*>n51R^JBtti^r— *^OJW^Ji®£ft^ % ftfe^r 

COH^IEJiJ^W-r^o "t^X\ ro«t5ftj|SA«5S<D 

t^Mga Z n i - a OlKttiD/<7 7 7i^f $ 

^JBffiSrft-r^ffi^ass-frs^^-rSw t-C, J: 9 

[0019] ft* s 2001-44500 
BB^*4xrv>5 J: r ^ Tmfc<D Affiled y? 

50 ft$> s #§B2 001-4450 0 $ tlT ^ 
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i ( (11-20) i) ±\z&mm*<Dytmt&$&m* 
<Dwmh&mmc*k'rz>nm&M<tez>a c 

[0 0 2 0] 

KS3 4, Sltl3 3MpI^7y K13 2iS^D)B 

3 2-3 4li^ftltMgaZni-aOl (O^a^ 
1 : WT, MgZnOttlEti^U it a 
Ha*kfc9l 5 MgZnO<!:EtT^Tt), 

^*UlM g O&tfZ n 6o#**K{b«<0««:**tpt> 
<DT*£>5) t LXMf&ZtlX^Zo ^plMgZnOl 
3 2KI4, pIK-/>'>Nttt, ffllitfN, Ga, A 
I , In, Li <D—mxn2m£X±ti*$k&$&£tlT\,> 

z>o pf^t y raftjiMras^iiu i x i o 1 ■ 

i/cm 3 ^i:8X10 18 fi/cm 3 OT, ffilxLtfl 

0 1 7 ffi/cm 3 ~l 0 1 8 /cm 3 mffi<£>®is-ei!ft 

[0021] H2fi, MgZn O<0ttA«j6£:jj*i- fc O 
WJJC^JIirAJWiW (Zn^^^/ciiMg>f^y) jb 

pi»ttt*V*4<45. *ot, piMgZnOl 
3 2 g Z n OgttS 3 3 ttStSI^lClj:, rcD 

[0 0 2 2] ffitt/B3 3«\ *ft$;h,5*3tettftlafcC 

*.ttf, ^r**»36^«ffli-5t>Ott, iS!4 0 0nm- 
5 7 0nmCTMW^> K^r-y y^3i*yU^-E 
g (3. 10eV-2. UeVgffi £ ^ih 6 O £ 

5 0 nm— 5 0 0 n miCX&fc fJWjV<>' K=¥* 
^-Eg (2. 76eV-2. 48eV|t) 

«t, SS2 8 0 nm-4 0 0 nmttM^i^V K 
^ti/^/^-Eg (4. 43eV-3. lOeV 
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[0 0 2 3] 09x.tfiSttJB 3 3 14, p g x Z n 

i - x om t <Dm\z? 4 y \ y^j >-ty^^m 

ft&m 3 3 fi. flIitfM g y Z n i - y O/I (fcfc U 
0^y<l % x>y : J^T. M g Z n Ofg^S t t V * 
5) 4lt»rtt5rt«#5. rgffijtpiMg 
Z n Om t (Dm\C# 4 s*\<Ds<> y=7s( ^V^iMML 
ZtiZ] HUlc^i-J:?^ P I^7yKl (p 

g z n os 3 2 ) <Dmmm&Rxfiffim*m±f&<D& 

JO i^-U^Ecp, E v p SttJi^fia*#j£ 
Xlfttt^f ±S©#3:*/U^-^;UE c i, Ev i 

£ co n ft o J: 5 * */MW« * J*A L X v ^ 5 £ 

E c i <E c p ■••(1) 
E v i > E v p ■ ■ • • (2) 

[0 0 2 4] mmmXIL ®ttJf 3 3^P>n^7S/ K 
v^t^»i^4f5 0 ^LT, Stti33inl^7y 

20 k«3 4 urates 4 hmmnf^ymso K7-<> 

-Ty?&J»tiLZtL&£ o nm?9y KJB3 4 o^Kil^ 

[0 0 2 5] MgZnOffittl3 3l:*3V>T, ftAtty 
t>&5 0 Sfi2 8 0nm-4 0 0nm©MS 

K"C«:0. leV~0. 3eVi|, 
u~if— ft^trliO. 25eV-0. 5eVMi:t5 
<D&&\,\ Ztomtti. plMgxZni-xOi2, M 
g y Z n i - y OgtM3 3&tfn^Mg z Z n i - 2 
Ol3 4^^ B itx, y, zO*tt©lW:J;»)ftg 

[00 2 6] WT.ilHaS^tlK^^JtiSXS^— ftlSrtt 
£1*> l^5^i-j:5tc:, t7 7 ^7S«io 

40 iil^Mg Z nO/i^45^777i 1 1 Sr^fcT 

#C^"C\ nlMgZnO|34 (MW-Wk. 
«5 0nm) , MgZnOiSttl3 3 (M«xtf3 0 
nm) MpiMgZnOl32 (ISMx.lf5 0n 
m) ^w(D|ll^(CT^t: 0 ^^-i/^/^^:-t-5 (3 2 — 3 

^^^•Y/^fiKStt, StriEO«!9MOVPEfe^-Cj5Rft-e 

[0 0 2 7] MOVPEfeldJ:^. B6 (a)-(c) 
(C^-TJ;?^, ^<^^r^l 1, nSMgZnO|3 
50 4, MgZnO^l3 3^0?piMgZnOl3 2$- 
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±xm cmn^m^^xm-<oRjt^^{zxmmmzm 
&mt<Di&&<DRfc&t%mi-zm.j&i£&^xmti lv\ 

ftftettfcLtt, NzO, NO, NO2, CO/iif, 
»«-C*tt. N2O (ffiifeYb^*) SrJBi^T^So 

• Zn^ (^JR^jR) : i?*?-/l>mSb (DMZ 
n) .^^Vffift (DEZn) t£t\ 

•Mgfi (&Jgf&;9^) : tT^>>^ n-<^^>?ai- 

(CpaMg) t£b\ 
[0 0 2 8] ^fc, pIK-^h^^uii^J; 
5&t><£>£r£!^5;i <t hx$z> ; 

• L i Mtf* : / A-s?vU:/^vuy ^V-kftif ; 

■ s i : ^yv'yy^^i/y =^**<fc«ift 

[0 0 2 9] A 1 N G a I n^coi I I 

fc£ Dft»4piK- h£ LtittSts-i^ 

• A 1 MX* ; h y ^f;U7;V^^i. (TMA 1 ) % 
h ]) /U7;l/ (TEA 1 ) £f ; 

• g am** ; h y ^^vutfy *a (tmgh) % h y 

^^vUtfy^A (TEG a) #<!f ; 

• I nJRtf;* ; h y ^ ^A-f^v^A (TM I n) % h 
yxf/K^v;^ (TEIn) ft<b* 0 
P iK^>l>aTM7C* (Ga) ^tfclCN^tt: 
ffl£*LS*g\ plMgZnOl^MI^^ 
l:. N«i: G a «i t i: fc 
l-flt«e-t-«J:5lc-t-S 0 tfl;ttf, *IM»»tt-C«:. RX 

£rft5 0 

[0 0 3 0] to*, B, Al, GaMl n«OIII 
AU Ga^{/I nHo^tll p ^ K— s<> h (Omx 

wt, ^Jxtf^^^ (B 2 H 6 ) Srffli^ar 
So 

[0 0 3 1 ] ±KO*iKW#;*«:** y Ttf* (Wx:tf 
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[0 0 3 2] y<yyrmi l<DJ&g:te£LT<D£?lzL,X 
f?ft?o **M»ffl{c*5W5RJcESIIrt^jafl[#J«ixut 

T=— /M&S-ra. Rflstfctf*^ O, CO, N2OO 

v^^*»6aMRT#S3fts. «xr*ji/iKfttt<0R*/£ 

P^J-TtT*54i^li, 7 5 O'CWi (&K0R£J: *) t 
20 [0 0 3 3] Ji|ET=.— /Hfta^|»T-t"ixtf. El 9 \Z7jk 

-rxo^ mfc&tfx&m%*&ftLitvtmizxm&Lffi. 

T£-tir£o tit, U3^R««lcftCrHHIMbtt4f 
[0 0 3 4] 1k^X s H6 (a) 2fclfl3 8 (a) (CI^ 

£vmm^&mmtvxmf&*tz 0 RicRWLfcao, 

ALE S B^iha^fC «t «9 &*«^Jltf>ri»W: 1 

[0 0 3 5] ^r^S, #«&«^^MOO«»Sr«cjt 

*r+»|c^— i^r«> hUfcR, HI 8 (c) (^-t-«t5 

^0 TN 2 O^AL, ALEfetcJ; O R*JR^« «: 1 jDK^ 
mftMffctZ* SSlOllCllMgZnO 

[0 0 3 6] ^<D^k. HI 9 tc^i-j: 0 (c, mWL#*& 
HftSrftftFLfc**, Srt?*«rt^iaftSr4 0 0-8 0 

ot:^R*sn5jRr«a* (**»»«-e«4 7 5 o 

0 6 (b) ^U^HI8 (d) f^-fj; 9^, /^>7 7 1(D 

»*^SP^4ra*OMOVPEffitc:J:!9«ft*l*:5o * 
* IWlOnmMttfiO. lnm/sec^ 
50 S^ig*-efi8ftS:m\ WWW: 1 n m/ s e c J^±(7)ii 
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[0 0 3 7] ft*5, *Hlfi»«-Ctt, /<y77il ltt 

zno*#Bftioit Lr»*ir^5^, ^tL<h^ 

*«lcfc«K KoW^«toffiHt^ffiit"rS2ooA 1 
JjjHHM hAl-UAl - 2 £tf>ibEfc9 3:o-C^£ 0 

n]K**£Lfc»g\ O^JS^tfcZnl^iAl 
I^t(0^-D^M*^It-Y hAl-UAl- 

(cii, Bio (b) *>5im± (c) fd^i-^ptc, S^aj 

>T ^ I l££JS^ (WilfCa, Sr, B 

a ft if) Sr»ftftJt*T?aftS-!i:fca['&«{bftJlfc It 

*r£ 9i«a&s±-e#»-es>5. n i ( a ) 

«*SrAi:-r5) ^yVrMl lB±CM$ii5 
MgZnOg54) £<0|HJte* M^^MjE&A&t/B 

t<DMJ5&. MgZnOICT«**n5»^ Mg^ft 
^^mo l-aWfi:^NMg N Zn-ft^mo 1 ^^Tfi^r 
NZnirLT, t>JBfiJSrjBjjt^7^"-^ v sn 

Mg/ (NMg+NZn) [CT*U l^S^iO v £ At£ 

#WBtt, «l^.tfiail (b) vMi B 

IBT?/i«*ift^iStt«j^3E{bi-5Jii: LT»*-e*5. 

[0 0 3 8] s<y7rmi l<DM$L1>m'T-tfr 

tf, EI 6 (c) iC^-TctptC, nSM g ZnO|34, 
MgZnO^!3 3WplMgZnO§3 2 £^cO 

i^tMovpESia^Mt^o *nMMm<D£ 

5t:nlMgZnOS3 2^plMgZnOf3 2 «fc 9 
t>T (SfilOf) K^^SS^te, nfflFWO'h 
**AU S^OpMMg Z nOf3 2 £ gfcig 
^ffi^O ft 6 -< < £ C ft t N^Tt'i J5fc&£fTft 
^ S S*UV\ nSMgZnOf34^pSMgZ 

n oil 3 2 x r> h-t^Mf&i-zm&n, mmxmzmm 
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12 

Z nOStti 5 3&tf p§JMg Z nOi5 2&J&&-tZ> 
»*«t0t>#H«tJEASrT«f5 (fltlflOtorr* 

i&^-rs) rt^tatfc5„ tW^)I IK 
iVIKiOifc W&i I /v lit) LT*>£ 

[0 0 3 9] MgZnOffiffl|3 3WplMg 

ZnOi32 *r**i-S»tt, gfc^«^££«]f&J^5 
fcfcfc, KJS3£Srttf>J£;frS: 1 0 t o r r 4U±^{S«Pi" 

£ *U »**a^ft l^M gZnOi *J**"t-S r £ # 
T*#6 0 WCBJf^JSi LTN2 OS:ttfflt5»^ 

wt^pTffitftS. #ffl«JBE*tt*»ttt«ii5v^^ifSi* 
K«i«l*ja*tti*26 6>tt5d^ 760torr (1. 0 
1 x 1 0 s PaXttl«ffi) S**tfOJE^"Cta*W: 
+#K¥TS>5 0 #J*.i:f. 7 6 0 t o r rOTtfctl 

20 5g^ittfiEW(B^ftt^^tfflJ^5fe5 o ffc^ 7 6 o 

t o r r &&zzmt>&mm^zm&te*®&ft&mEE 

t ft 5 ^"^rt«eoft«c^»ixffl £ ft J: 9 K-^&Bft 

fetbZ^X'&Z 7600torr ((1. 

0 1 X l 0 6 P a Xte 1 0*JBE) Sff) o 

[0040] z<D±5\£Lx&ytm&<o&&i>mT'rti 

30 tf, H 5 tC^-TJ; p JCfgttS 3 3 MplMg Z n OH 

X, • xXWtfcm (I TO) ^5)458^ 

lil2 5HM«-^ »*OplMgZnOl3 
2ilC|j:MHil2 2MU I«ioi 

5fc^ltt s SSl 0±(CMgZnO^f)^5/^77 

Si lriSflgfiSSix, SfeJCMg z n0^5>ftS«*JiW 

^0 irl-ft^o 

[0 0 4 1] ft*>\ HI i 2tt**W^ff-5*J6*^(0« 
36*fe<z>3E?gflyS:^f tc0T*fe^ o rrr*ii, HI i 2 
(a) fc^-f-ci:^^, ^^^^r®i i±iciig!5 tig 

«Ss o^>) P iMgZnOi32, MgZnOiStti3 
3 St/ n 1M g Z n OI 3 4 OlWtlM L, (b) 
l^-T J: 5CnlMgZnOl34 ±Kmm&Mtetz& 
JRSItJl 2 2 Sr»figi-5o ^com, t77^7Iffil0 
^rfiJ^IL, pSMg Z nOi 3 2«: I TO*^645 
g^tS2 5eMU:i, (d) fd^-Tct 

so fr-t-tiitaytm* 1 0 4«#^ o 1 o 



(8) 
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Zt. Sfi 1 0 Sr««L^«l:«*i«SritMg Z n 
[0 0 4 2] 

JBSrfifcft-TSH^tt, #fc x l^lxt^^i/ (al 
E : Atomic Layer Epitaxy) jSfcJ; t) S*±lc£JBUJ|HP 

*^-tcfev>rtt, iB!ltt©Sffli:j: ^<y7r8^ 
S«tSt5 l Wi^^i^g^ tt ^ 

4i*©^ y 7 7ittttiltt#* t>«)X*ff T fc 9 , it 
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[0 1] MgZnOiZXm&L1Z?7/U^TX2mm<D& 
[0 2] M g Z n 0<Ol|g4«5t*^-«lS:H. 

[B3] m g z n oi^i^r t y ^ Si^ t > ^ (de 
[04] ^^^IS^>K7^v^5/^»-&fltitS:ffl 

las) **w©***^.©*i»«*^-t«a:H. 

[8 6] B 5 *>»Jft*?-0>, MStxao— ««r«i-RW 



70 io 



[m 7] =9^^Ai!jie*«jt©«a:B. 

[SI 8] ^SSWco***^^*!^**^, 
[El 9] Bl6^XS^*tS«aS#jai^— 5r: 

[010] ALE«ft-J-6^JRiWR^JI«ra*AJHIK^ 

[01 l] >y77lMI8«fl»f|j:tSfllfr9t 

[012] *»W<©*J©»**-?«>i(3ftxao--«*r* 

[«F#©RH] 
1 , 10 4 

i o t7r^7Sfi 

pSMgZnO^j' KJB 
MgZnOMi 
nlMg ZnO^i/ KJB 



1 1 

3 2 

3 3 

3 4 



[01] 



[02] 



p g Z n O 

MgZnOj^j 

n MM gZnO 
£ 7 y Kg 






























6 






























• 



















o:mm 
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(9) 
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[123] 



MgZ 



nOJg2-T 



o o o o 
• • • • i 

O O Cj*~0 



> • • • • 

o o o o 



o o o o 



Ecp 



t 



Evp 



[124] 



— 5 J 

■m 



t 

o- 



-Ecn 



Eg 



Eci K*7— «fc 



Ev i 



-Evn 



p-MgZnO i-ZnO (MgZnO) n— MgZnO 



[i5] 



[12 6] 



r 1 



&JR®$ 12 2 
piMgZ n O/g 3 2 
Mg Z n OfSteS 3 3 
(ZnO) 

— I TOfiffil 2 5 
^nSMg Z n OiB 3 4 

— Z n 0^y7ri 1 1 

-t^T'fr^i o 



17] 



A I ®- 
(0001) 




(a) 



N 2 Q— [MFCl 



PS HmfcI 1 



r»i«i«i»i»i»»j 



(b) 



MO HMFCF^ 
NgOHMFCl 



Si 1 

0 




p-MgZn032 

-Zn033 
n-MgZn034 
Mg Z nO 
^5-7711 1 
t77^f7S«l 0 



• a i 
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(10) 
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[18] 



im9) 




(c) 



N 2 0- 



CZn/Mg) 



t tttttK tt rtt t 



(d) 

MO' 
N 2 0- 

MgZnO 



(a) 




mi o] 




(Zn/Mg) 



OOOOOOOO — onst^Ji 



(b) 



r-Mi (Mg4?> 
Zn * ^ 

OOOOOOOO +om*m 



A 1 JJSW1 



(Ca, Sr|) r Z 



OOOOOOOO -o^» 
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(11) 
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[Hi 1 ] 



[El 1 2] 



(a) 



(a) 



MgZnO 
^y^rmi 1 




'n^MgZnOl 5 4 
<**-*V*fitfA) 



(b) 



(b) 



NMg 



NMg -fNZn 



(c) 




(d) 



104 



-34 (n-MgZnO) 

-33 (i-ZnO MgZnO) ) 

-3 2 (pHVIgZnO) 

-11 (MgZnO-^*y77l) 

-io (t7 7 -rrM) 



22 

^34 (n^4gZnO) 

"^33 (i-ZnO MgZnO) ) 

"^32 (p-*/IgZnO& 

^•11 (Mg Z nOw<y7rS) 

^-10 (f-7r-<rs«) 



-2 2 (&JRR#S) 
-34 (nHtfgZnO& 
-33 (i-ZnO MgZnO) ) 
-3 2 (p-MgZnO) 




22 (£JRR**«) 
34 (n-MgZnC& 
•33 (i-ZnO fclgZnO) ) 
32 (pHtfgZnO) 

-25 dxa 



F * — 5F041 
5F045 



AA03 AA40 CA04 CA41 CA46 
CA65 CA67 CA82 CA88 CB15 
AA04 AA15 AB22 AC08 AC09 
AD08 AD09 AD10 AD11 AD12 
AE21 AE23 AE30 AF06 AF09 
CA11 CB01 CB02 DA53 DA63 
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